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METHOD OF FAST START AND/OR 
FAST TERMINATION OF A RADIO FREQUENCY RESONATOR 

FIELD OF TH E INVENTION 

The present invention relates to a radio frequency (RF) resonator and an apparatus 
using a RF resonator circuit. More specifically, the invention relates to an ion- 
trapping device namely a quadrupole ion trap. 

BACKGROUND OF THE INVENTION 

The quadrupole ion trap is initially described by Paul et al in U.S. Patent 2,939,952 
and normally consists of three electrodes; a ring electrode and two end-cap electrodes 
one on each side of the ring electrode. A radio frequency (RF) voltage is normally 
applied to the ring electrode, and two end-cap electrodes are normally grounded. A 
coil is connected to the ring electrode forming a LC resonator together with the 
capacitance between the ring electrode and the two end-cap electrodes as well as the 
capacitance of all other circuit elements connected to the ring electrode. Because of 
the high Q-value of the resonator, even a low voltage RF driver, which is connected 
to the coil directly or through transformer coupling, can effectively produce a high RF 
voltage on the ring electrode. 

A quadrupole ion trap can be used as an ion-trapping device of mass analysis 
apparatus together with a variety of ion sources. One of the most popular ion sources 
is liquid chromatography with electrospray ionization. Another ion source, which 
seems a very promising combination with the ion trap, is matrix-assisted laser 
desorption/ionization (MALDI). 

The ions produced by a MALDI ion source are inevitably pulsed and synchronized to 
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the laser pulse. A trapping efficiency of those ions is maximized by using a method 
of fast start of RF voltage as described in UK Patent Application No.98021 12.4. 
Unfortunately, an ordinary RF driver circuit provides only a low excitation voltage, 
and the rate of increase of RF voltage becomes quite low. The time to establish a 
required RF voltage usually requires several cycles of RF or more than that. 

Another attempt was made using a quadrupole ion trap in conjunction with a time-of- 
flight mass spectrometer, which is described in the UK Patent Application 
No.9802 1 1 1 .6. In this method ion extraction voltages are applied to the two end-cap 
electrodes, and the RF voltage on the ring electrode should be terminated at the same 
time or nearly the same time of application of the extraction voltages. To prevent the 
ions escaping from the ion-trapping region, the termination should be fast enough, at 
least less than one cycle of the RF. Again, this is difficult to achieve using an ordinary 
RF driver circuit. While the excitation voltage of the RF driver circuit is terminated, 
the energy stored in the resonator is consumed and is released only via the resistance 
of the resonator, and the time constant of decay of the RF voltage is usually much 
more than one cycle of the RF. 

It is an object of the invention to provide a method of fast start of the RF resonator 
and/or fast termination of the resonator to achieve a high efficiency of ion trapping 
from the MALDI ion source and/or effective extraction of the ions into a time-of- 
flight mass spectrometer. 

SUMMARY OF THE INVENTION 

Accordingly, the invention provides a method of fast start and/or fast termination of 
a radio frequency resonator, which has a coil, a capacitor means and two switch means 
each having an internal resistance, one end of each said switch means being connected 
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to a junction of said coil and said capacitor means where a radio frequency voltage is 
provided, and another end of each said switch means being connected to high voltage 
power supplies having opposite polarities, the method comprising: closing one of said 
switch means for a short period of time for fast start of said radio frequency resonator, 
and/or closing both of said switch means for a time interval for fast termination of said 
radio frequency resonator. 

In the MALDI ion source, ions are produced by a laser pulse directed at the sample 
surface, and are guided into an ion trap using ion optics built inside the MALDI ion 
source. Before ions are produced, the RF voltage applied on the ring electrode is zero. 
When the ions are inside the ion-trapping region surrounded by three electrodes, one 
of the switches is closed to charge the capacitance between the ring electrode and the 
end-cap electrodes, the capacitance due to additional circuitry, for example a 
measuring circuit of the RF voltage, and a stray capacitance. Once the capacitance is 
charged, the switch is opened immediately to initiate a free oscillation of the 
resonator. The excitation voltage of the RF driver circuit is also set to a proper 
voltage to sustain the oscillation, but timing is not so critical because the RF voltage 
does not change so rapidly with a lower excitation voltage of the RF driver circuit. 

For extraction of ions into a time-of-flight mass spectrometer, the RF voltage is turned 
to zero by closing both switches at the same time. When the high voltage power 
supplies connected to the switches have the same voltage with opposite polarities and 
the switches have the same internal resistance the RF voltage applied between the two 
switches approaches to zero with a time constant determined by the capacitance 
between the electrodes and the resistance of the switches. This time constant can be 
set small enough to prevent the ions escaping from the ion-trapping region. The 
extraction voltages are also applied to the end-cap electrodes at nearly the same time 
as the RF termination for extracting ions into the time-of-flight mass spectrometer. 
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The switches are kept closed until all the ions are extracted from the ion trap. Later, 
the switches are opened, without affecting ion motion. The excitation voltage of the 
RF driver circuit is also set to zero to prevent oscillation after ion extraction, but again 
timing is not so critical because the RF voltage is kept zero by the switches while ions 
are extracted. 

BRIEF DESCR IPTION QF THE DRAWINGS 

A method of fast start and/or fast termination of the resonator is now described, by 
way of example only, with reference to accompanying drawings in which: 

Figure 1 is a schematic representation of a quadrupole ion trap with a MALDI ion 
source and a time-of- flight mass spectrometer. 

Figure 2 is an explanatory timing diagram showing a RF voltage and states of two 
switches. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to Figure I, a quadrupole ion trap 1 comprises a ring electrode 1 1 and two 
end-cap electrodes 12 and 13. These three electrodes form an ion-trapping region 14. 
The end-cap electrodes 12 and 13 are connected to the voltage sources 15 and 16, 
respectively, which provide extraction voltages and voltage waveforms used during 
ion trap operations. A coil 2 is connected to the ring electrode 1 1 and followed by a 
RF driver circuit 3. To the ring electrode 11, two switches 4 and 5 are also connected. 
On the other end of these two switches, two high voltage supplies 6 and 7 are 
connected, respectively. 
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Figure 2 illustrates the timing of switch operations as well as the RF voltage in the 
case of fast start of RF voltage to a negative polarity. In this case, switch 5 connected 
to the negative high- voltage supply 7 is turned on, (i.e. closed) at the beginning, to set 
the RF voltage to be the same as the voltage of the high voltage supply 7. Soon after, 
the switch 5 is turned off (i.e. opened) and the RF resonator will start to oscillate at 
its resonance frequency. In this example, fast termination of RF resonator is made at 
a positive peak of a RF voltage. At this moment, both switches 4 and 5 are turned on. 
Positive and negative voltages of the high voltage supplies 6 and 7 are divided 
according to the ratio of internal resistances of the switches 4 and 5. Because the 
voltage of high voltage supply 6 is the same as that of high voltage supply 7 and the 
internal resistance of the switch 4 is the same as that of the switch 5, the RF voltage 
becomes zero and is kept zero while both switches are kept on. After all ions have 
been extracted from the quadrupole ion trap, both switches 4 and 5 are turned off. 

The RF driver circuit 3 is also operated to match the voltage determined by these 
switching operations. At fast start of the RF resonator, the RF driver circuit 3 is set 
to produce a peak voltage the same as the voltage of high voltage supply 7. Thus the 
oscillation initiated by switch operation can be sustained continuously by the RF 
driver circuit 3. At fast termination of the RF resonator the RF driver circuit 3 is set 
to zero and the RF voltage, set to zero by the switching operations, will be kept zero 
until the next sequence will start. 

Although the aforementioned example shows one switch for each polarity, either or 
both of the switches can be composed of a set of switches. For example, the switch 
4 or 5 can be a single power MOSFET device or a set of power MOSFET devices 
connected in series. 



The RF driver circuit 3 is depicted with a direct connection to the coil 2, but the RF 
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driver can be connected with transformer coupling to the coil 2. 

In Figure 2, the RF voltage is terminated after only 1.5 cycle for explanatory purpose 
only. Practically, the RF voltage is sustained for a much longer time to handle ions 
trapped inside the trapping region. Usually, the RF voltage is changed to shift a 
trapping condition before extraction will be made. Thus, a termination may start from 
a RF voltage different from the voltage of high voltage supply 6 and/or 7. 
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CLAIMS 

1. A method of fast start and/or fast termination of a radio frequency 
resonator, which has a coil, a capacitor means and two switch means each having an 
internal resistance, one end of each said switch means being connected to a junction 
of said coil and said capacitor means where a radio frequency voltage is provided, and 
another end of each said switch means being connected to high voltage power supplies 
having opposite polarities, the method comprising: 

(a) closing one of said switch means for a short period of time for fast start of 
said radio frequency resonator, and/or 

(b) closing both of said switch means for a time interval for fast termination of 
said radio frequency resonator. 

2. A method as set forth in claim 1, wherein said radio frequency resonator is 
built in an ion-trapping device. 

3. A method as set forth in claim 2, wherein said ion-trapping device is a 
quadrupole ion trap. 

4. A method as set forth in claim 3, wherein said quadrupole ion trap is 
associated with a MALDI ion source and/or a time-of- flight mass spectrometer. 

5. A method as set forth in any one of claims 1 to 4, wherein said switch 
means having an internal resistance can be either a switching device or a set of 
switching devices connected in series. 

6. A method as set forth in claim 5, wherein said switching device is a power 
MOSFET with a proper gate driver circuit. 
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7. A method as set forth in claim 5 or claim 6 , wherein said internal resistance 
consists of the internal resistance of said switching device and, optionally, the 
resistance of at least one external resistor connected to said switching device(s) in 
series. 

8. A method as set forth in any one of claims 1 to 7, wherein said internal 
resistance is the same for both said switch means, and voltage provided by said high 
voltage power supplies is the same with opposite polarities. 

9. A method as set forth in any one of claims 1 to 8, wherein said capacitor 
means consists of the capacitance between a ring electrode and end-cap electrodes, the 
capacitance due to additional circuit, for example a measuring circuit of the RF 
voltage, and a stray capacitance. 

10. An apparatus having a radio frequency resonator, comprising a coil, a 
capacitor means and two switch means each having an internal resistance, one end of 
each said switch means being connected to a junction of said coil and said capacitor 
means where a radio frequency voltage is provided, and another end of each said 
switch means is connected to high voltage power supplies having opposite polarities, 
and said switch means being operated by a method comprising: 

(a) closing one of said switches for a short period of time for fast start 
of said radio frequency resonator, and/or 

(b) closing both of said switches for a time interval for fast termination 
of said radio frequency resonator. 

11. An apparatus as set forth in claim 10, wherein said apparatus is an ion- 
trapping device. 
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12. An apparatus as set forth in claim 1 1, wherein said ion-trapping device is 
a quadrupole ion trap. 

13. An apparatus as set forth in claim 12, wherein said quadrupole ion trap is 
associated with a MALDI ion source and/or a time-of- flight mass spectrometer. 

14. An apparatus as set forth in any one of claims 10 to 13, wherein said switch 
means having an internal resistance can be either a switching device or a set of 
switching devices connected in series. 

15. An apparatus as set forth in claim 14, wherein said switching device is a 
power MOSFET with a proper gate driver circuit. 

16. An apparatus as set forth in claim 14 or claim 15, wherein said internal 
resistance consists of the internal resistance of said switching device and, optionally, 
the resistance of at least one external resistor connected to said switching device(s) in 
series. 

17. An apparatus as set forth in any one of claims 10 to 16, wherein said 
internal resistance is the same for both said switch means and voltage provided by said 
high voltage power supplies is the same with opposite polarities. 

18. An apparatus as set forth in any one of claims 10 to 17, wherein said 
capacitor means consists of the capacitance between a ring electrode and end-cap 
electrodes, the capacitance due to additional circuitry, for example a measuring circuit 
of the RF voltage, and a stray capacitance. 



19. 



An apparatus including a radio frequency resonator, comprising capacitor 
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means, a coil coupled to the capacitor means and first and second switch means each 
having an internal resistance, wherein a radio frequency voltage is applied to a 
junction of the coil and the capacitor means, one end of each said switch means is 
connected to the junction, another end of each said switch means is coupled to a 
source of high voltage for supplying to the first and second switch means respective 
high voltages of opposite polarity, one or another of said switch means being operable 
for fast start of said radio frequency resonator and/or both of said switch means being 
simultaneously operable for fast termination of said radio frequency resonator. 
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